It is widely accepted that elevated levels of surface ozone (O 3 ) negatively affect plants. 11 Ethylenediurea (EDU) is a synthetic substance which effectively protects plants against O 3 -12 caused phytotoxicity. Among other questions, the one still open is: which EDU application 13 method is more appropriate for treating fast-growing tree species. The main aims of this study 14 were: (i) to test if chronic exposure of Salix sachalinensis plants to 200-400 mg EDU L -1 , the 15 usually applied range for protection against O 3 phytotoxicity, is beneficial to plants; (ii) to 16 evaluate effects of chronic exposure to elevated O 3 on S. sachalinensis; (iii) to assess the efficacy 17 of two methods (i.e. soil drench and foliar spray) of EDU application to plants; (iv) to investigate 18 the appropriate dose of EDU to protect against elevated O 3 -induced damage in S. sachalinensis; 19
spraying simultaneously. Both abaxial and adaxial leaf surfaces were sprayed. Surfactant was not 181 used for EDU treatments. 182 The first EDU application was carried out on July 29 th , 50 days after transplanting, when the 183 plants had 63±2 leaves (measured a day before). Taking into account that EDU may persist in the 184 leaf apoplast for more than eight days (Paoletti et al. 2009 ), EDU application was repeated every 185 nine days. The last (10 th ) EDU treatment was applied on October 18 th . All the applications were 186 conducted during morning hours (between 10:00 and 11:00).
187
In order to assess the amount of EDU needed for the two application methods, the amount of 188 spray liquid spent for the EDU treatments of 200 mg L -1 and 400 mg L -1 was recorded; for the 189 soil drench, 200 ml with either 200 or 400 mg EDU L -1 were given to each plant at each 
204
On October 26 th , the length and width of each leaf, for all the shoots and plants, were measured 205 (cm) non-destructively using a ruler. Later, the area of each leaf y (hereafter leaf size) was 206 calculated using the predicting model y=0.5786x+1.6913, where x is the product of leaf length × 207 leaf width, as described by Agathokleous et al. (2016b) . Then the total leaf area for each plant 208 was calculated.
209
On October 27 th , the entire root system of each plant was excavated, with no damage or loss due 210 to absence of soil organic matter (SOM), and gently washed with tap water.
211
The basal diameter of each shoot was measured by a caliper (mm), and the average shoot 212 diameter (shoot diameter) was calculated per plant. The length of each shoot was also measured 213 and the average shoot length per plant was calculated.
214
The number of buds of each shoot was counted and the buds of all the shoots were summed up to 215 give the total number of buds per plant.
216
At the end of each experiment, each shoot and each leaf were harvested and put in a separate 217 paper bag with an ID so as to know the position for the leaves on the shoots and the position of 218 the shoots on the stem and thus to group them into lower-level and upper-level compartments.
219
Roots were also put into separate bags with an ID informing about the plant to which they 
where α [PC] is the Type I error for the group of contrasts, α [PF] the Type I error per contrast and 242 C the sum of contrasts. Such a correction is particularly important with respect to orthogonality 243 regarding the independence of the contrasts (Ruxton and Beauchamp 2008) .
244
To answer the research questions (Q1-Q4b), 6 of the 11 degrees of freedom were partitioned to According to homoscedasticity (Levene's test), in 7.4% of the cases the H 0 was rejected and 281 therefore the P values were calculated with correction assuming unequal variance.
282
Since the prior results (Q3a-Q4b) showed no protection of EDU soil drench, it would be 283 meaningless to further test statistically the difference between the two application methods.
284
Hence, Q5 was excluded from further statistical hypothesis testing. (Table 1, Fig 1-3) suggesting that EDU by 300 itself did not affect S. sachalinensis plants when grown in infertile and organic-matter-free soil 301 under ambient conditions. There was only a trend (P<0.05) towards increased shoot DM and 302 lower number of shoots (Table 1, Fig 2) .
303
Q2 tested if EOZ alone affected the plants in the absence of EDU exposure (0 mg EDU L -1 ). H 0 304 was rejected (α=0.0085) for all leaf traits variables (Table 1, Fig 1) Fig 3) , performance with those treated with 0 mg EDU L -1 . H 0 was rejected (α=0.0085, Table 1 ) for 336 number of leaves, plant leaf area, average leaf DM (Fig 1) and root DM (Fig 3) . Furthermore, 337 average leaf size (Fig 1) and DM of foliage and plant (Fig 3) showed a trend for higher (P<0.05,
338
Table 1) means of plants treated with foliar spray of 200 or 400 mg EDU L -1 than those treated 339 with 0 mg EDU L -1 in EOZ. Yet, there was an insignificantly higher crown width (16%, Fig 3) ,
As to the meteorological conditions, average air temperature and maximum air temperature were 355 0.1 and 0.3 o C higher in 2014 than in 2015 while minimum air temperature was 0.3 o C lower in 356 2014 than in 2015 (Table 2) were applied to answer six out of seven questions regarding comparisons which were defined a season EDU was applied as soil drench and in the next growing season, following the same 691 protocol, EDU was applied as foliar spray, to different plants. t=0.533, P=0.613 Note: Data were collected from Salix sachalinensis plants treated with 0, 200 or 400 mg EDU L -1 and exposed to ambient 
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